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PATENT 
0509-1001 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

In re application of: Laurent FRESCALINE et al . 

Appl . No . : Group : 

Filed: January 7, 2 002 Examiner: 

For: DEVICE AND METHOD FOR GENERATING INTENSE 

AND BRIEF CONTROLLED VARIATIONS OF MAGNETIC PRESSURE IN A SAMPLE 
OF SOLID MATERIAL 

PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, DC 20231 



a Sir: 

Lf B The following preliminary amendments and remarks are 

j Sj respectfully submitted in connection with the above -identified 

ffj application. 



IN THE ABSTRACT OF THE DISCLOSURE : 

Please replace the Abstract of the Disclosure with the 
rewritten Abstract of the Discloure attached on a separate sheet 
attached hereto. 



IN THE CLAIMS : 

Please cancel claims without prejudice or 

disclaimer of the subject matter contained therein. 
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Please amend the claims as follows: 

3. (amended) Device according to claim 1, 

characterised in that the two branches (4, 5) are isolated from 

each other by a dielectric material (6) . 

5. (amended) Device according to claim 3, 
characterised in that the dielectric material (6) has a 
pulse dielectric rigidity of more than 100 kV/mm. 

6. (amended) Device according to claim 3, 
characterised in that the dielectric material (6) ext ends 
laterally beyond the branches (4, 5) so as to prevent any 
edge disruptive breakdowns. 

7. (amended) Device according to claim 3, 
characterised in that the dielectric material (6) is 
selected from a polyimide, a polyester or a high density 
polyethylene . 

8. (amended) Device according to claim 3, 
characterised in that the distance between the two branches 
(4, 5) is less than 1mm. 

9. (amended) Device according to claim 3, 
characterised in that the electromagnetic cell (1) is 
adapted to have an inductance of less than 2nH. 

10. (amended) Device according to claim 1, 
characterised in that the electric current pulse generating 
means (2, 3) comprise : 

• at least one pulsed high power electric current 
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generator (2) including two outgoing electrodes (12, 13) knowias 
first (12) and second (13) outgoing electrodes, 

• an electric linking line (3) including a first 

conductive plate (10) extending between the first outgoing 
electrode (12) of reach generator (2) and one (4) of the branches 
of the electromagnetic cell (1) , and a second conductive plate 
(11) extending between the second outgoing electrode (13) and the 
other branch (5) of the electromagnetic cell (1) , 

13. (amended) Device according to claim 11, 
characterised in that the two branches (4, 5) are 
rectangular, t he junction strip (7) connecting two 
rectilinear edges (8, 9) of the two branches (4, 5), and in 
that the plates (10, 11) of the electric linking line (3) 
have a convergent shape concerning its width and/or 
thickness so that the current density has its maximum value 
in the branches (4, 5) of the electromagnetic cell (1) . 

14. (amended) Device according to claim 10, 
characterised in that the plates (10, 11) of the linking 
line (3) have overall the same shapes and dimensions, are 
parallel to each other and ar e superimposed opposite each 
other, separated and isolated from each other. 

15. (amended) Device according to claim 10, 
characterised in that the plates (10, 11) of the linking 
line (3) extend into the prolongation of the branches (4, 
5) of the electromagnetic cell (1) . 
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16. (amended) Device according to claim 10, 
characterised in that the linking line (3) is adapted so as 
to have an inductance of less than 5nH. 

17. (amended) Device according to claim 1, 
characterised in that the electric current pulse generating 
means (2, 3) include at least one multichannel spark switch 
(15, 31) able to distribute the electric energy along the 
cross section of the branches (4, 5) of the electromagnetic 
cell (1) . 

18. (amended) Device according to claim 10, 
characterised in that a multichannel spark switch (15, 31) 
is inserted between each generator (2) and the 
electromagnetic cell (1) . 

20. (amended) Device according to claim 17, 
characterised in that it includes at least one set of 
several generators (2) and in that a common multichannel 
spark switch (15) is inserted between all the first 
electrodes (12) of the generators (2) of the same set and 
the first plate (10) of the linking line (3) . 

21. (amended) Device according to claim 17, 
characterised in that it includes at least one series 
multi-gap spark switch (15, 31) . 

22. (amended) Device according to claim 17, 
characterised in that it includes several spark switches 
(15, 31) in parallel. 
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23. (amended) Device according to claim 1, 
characterised in that the sample (23) is placed and rigidly 
fixed in a housing of the branch (4) bearing it. 

27. (amended) Device according to claim 1, 
characterised in that it includes means (33, 34) for 
adjusting the value of the inductance of the 
electromagnetic cell (1) and/or of the electric cur rent 
pulse generating means (2, 3) . 

28. (amended) Device according to claim 1, 
characterised in that it includes means (33, 34) for 
adjusting the distance (e) between the two branches (4, 5) . 

29. (amended) Device according to claim 1, 
characterised in that it comprises means (32) for analysing 
the mechanical behaviour of the sample (23) , especially via 
laser Doppler interf erometry . 

30. (amended) Method to generate intense and brief 
magnetic pressure variations, predetermined and controlled, 
able to be isentropic inside a sample (23) made of a solid 
material, characterised in that the sample (23) is rigidly 
secured to a branch (4) of an electromagnetic cell (1) of a 
device according to claim 1, and electric current pulse 
generating means (2, 3) are switched so as to result in the 
electromagnetic cell (1) the setting up of an electric 
current able to generate magnetic pressure forces inside 
the sample (23), the build-up time t of the square of the 
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intensity of the electric current being between Ins and 
500ns . 
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REiVlARKS 

Claims 1-3 0 are pending in the present application. 
Entry of the above amendments is earnestly solicited. 
An early and favorable first action on the merits is earnestly 
requested. 

Should there be any matters that need to be reived in 
the present application, the Examiner is respectfully requested 
to contact the undersigned at the telephone number listed below. 
f*S Attached hereto is a marked-up version of the changes 

Q made to the claims by the current amendment. The attached paga_s 

--C3 captioned "VERSION WITH MARKINGS TO SHOW CHANGES MADE." 

i y 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25 -0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG & THOMPSON 



Benoit Castel, Reg. No. 35,041 



745 South 23 rd Street 



Arlington, VA 22202 
BC/ia Telephone (703) 521-2297 

Attachments 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE ABSTRACT OF THE DISCLOSURE : 

The Abstract of the Disclosure has been amended as 

follows : 

The invention conccrno a A device and a method for 
generating intense and brief variations of magnetic pressure, 
predetermined and controlled, capable of being isentropic inside 
a sample (23) of solid material. An electromagnetic cell (1) 
comprisoc includes a flat parallel line of conductive material 
e amp r i 3 i ng ha v i ng two branches (4, 5) in the form of planar 
plates, of similar shapes and d imensions, separated from each 
other by a distance of not more than 3mm, one of which (4) bears 
the sample (23) rigidly fixed on sai d the branch (4), -sarMthe two 
branches (4, 5) being electrically connected to each other by an 
end junction strip (7), and electrically connected, opposite the 
end junction strip, to meano elements (2, 3) generating electric 
current pulses so as to produce in less than 500 ns an electric 
current flowing in the electronic cell (1) . 



IN THE CLAIMS : 

The claims have been amended as follows: 

3. (amended) Device according to claim 1 - or 2 , 
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characterised in that the two branches (4, 5) are isolated from 
each other by a dielectric material (6) . 

5. (amended) Device according to cl aim 3 — e^— 4 , 

characterised in that the dielectric material (6) has a pulse 
dielectric rigidity of more than 100 kV/mm. 

6. (amended) Device according to onc of claims 3 to —S- plaim 
3 , characterised in that the dielectric material (6) extends 
laterally beyond the branches (4, 5) so as to prevent any edge 

O * disruptive breakdowns. 

yy 7. (amended) Device according to onc o f claim o 3 to S plaim 

if 3j_ characterised in that the dielectric material (6) is selected 

w 

■ from a polyimide, a polyester or a high density polyethylene. 

j«* 8. (amended) Device according toene- ei ■■efejrfflc 3 t o 7plaim 

3 , characterised in that the distance between the two branches 
(4, 5) is less than 1mm. 

9. (amended) Device according toe- no of claimp 3 to 8 plaim 
3, characterised in that the electromagnetic cell (1) is adapted 
to have an inductance of less than 2nH. 

10. (amended) Device according toonc- o-f -el a imp 1 to 9 plaim 
1 , characterised in that the electric current pulse generating 
means (2 f 3) comprise : 

• at least one pulsed high power electric current 
generator (2) including two outgoing electrodes (12, 13) known as 
first (12) and second (13) outgoing electrodes, 

• an electric linking line (3) including a first 
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conductive plate (10) extending between the first outgoing 
electrode (12) of reach generator t) and one (4) of the branches 
of the electromagnetic cell (1) , and a second conductive plate 

(11) extending between the second outgoing electrode (13) and the 
other branch (5) of the electromagnetic cell (1) , 

13 . (amended) Device according to claim 11 — e^e — 3rS— , 
characterised in that the two branches (4, 5) are rectangular, 
the junction strip (7) connecting two rectilinear edges (8, 9) of 
the two branches (4, 5) , and in that the plates (10 7 11) of the 
electric linking line (3) have a convergent shape concerning its 
width and/or thickness so that the current density has its 
maximum value in the branches (4, 5) of the electromagnetic cell 

(1) . 

14. (amended) Device according to one of c laim s 10 to — 
■3r3-7-claim 10, characterised in that the plates (10, 11) of the 
linking line (3) have overall the same shapes and dimensions, are 
parallel to each other and are superimposed opposite each other, 
separated and isolated from each other. 

15. (amended) Device according to on e of claim 10 to 14 , 

characterised in that the plates (10, 11) of the linking line (3) 
extend into the prolongation of the branches (4, 5) of the 
electromagnetic cell (1) . 

16. (amended) Device according to one of claim s 10 to 

■3rS-r Claim 10, characterised in that the linking line (3) is 
adapted so as to have an inductance of less than 5nH. 
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17. (amended) Device according to one of claims 1 to 

4r&- rClaim 1, characterised in that the electric current pulse 
generating means (2, 3) include at least one multichannel spark 
switch (15, 31) able to distribute the electric energy along the 
cross section of the branches (4, 5) of the electromagnetic cell 
(1) . 

18. (amended) Device according to claim 10 -^^-4-7 1 

characterised in that a multichannel spark switch (15, 31) is 
inserted between each generator (2) and the electromagnetic cell 
(1) . 

20. (amended) Device according to o n e- of claims 17 to 

•ar^r -claim 17, characterised in that it includes at least one set 
of several generators (2) and in that a common multichannel spark 
switch (15) is inserted between all the first electrodes (02) of 
the generators (2) of the same set and the first plate (10) of 
the linking line (3) , 

21. (amended) Device according to one -of claims 17 to 

^Or-claim 17, characterised in that it includes at least one 
series multi-gap spark switch (15, 31) . 

22. (amended) Device according to one of ■claims -17 to — 

•£-3r7-claim 17, characterised in that it includes several spark 
switches (15, 31) in parallel. 

23 . (amended) Device according to one of clai ms 1 t o 

•S^-rClaim characterised in that the sample (23) is placed and 
rigidly fixed in a housing of the branch (4) bearing it. 



Docket No. 0509-1001 



27. (amended) Device according to o ne o f claims 1 to 

^T -claim 1, characterised in that it includes means (33 , 34) for 
adjusting the value of the inductance of the electromagnetic eel!. 
(1) and/or of the electric current pulse generating means (2, 3) . 

28. (amended) Device according to one of c laims 1 t o 

•5-3-r claim 1, characterised in that it includes means (33, 34) for 
adjusting the distance (e) between the two branches (4, 5) . 

29. (amended) Device according to enc of claims 1 t o 

•2-8-rdaim 1, characterised in that it comprises means (32) for 
analysing the mechanical behaviour of the sample (23) , especially 
via laser Doppler interf erometry . 

30. (amended) Method to generate intense and brief magnetic 
pressure variations, predetermined and controlled, able to be 
isentropic inside a sample (23) made of a solid material, 
characterised in that the sample (23) is rigidly secured to a 
branch (4) of an electromagnetic cell (1) of a device according 

to one of claims 1 to 2^ -claim 1, and electric current pulse 

generating means (2, 3) are switched so as to result in the 
electromagnetic cell (1) the setting up of an electric current 
able to generate magnetic pressure forces inside the sample (23) , 
the build -up t ime t of the square of the intensity of the 
electric current being between Ins and 500ns. 
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Abstract of the Disclosure 

A device and a method for generating intense and 
brief variations of magnetic pressure, predetermined and 
controlled, capable of being isentropic inside a sample (23) 
of solid material. An electromagnetic cell (1) includes a 
flat parallel line of conductive material having two 
branches (4, 5) in the form of planar plates, of similar 
shapes and dimensions, separated from each other by a 
distance of not more than 3 mm, one of which (4) bears the 
sample (23) rigidly fixed on the br anch (4) , the two 

branches (4, 5) being electrically connected to each other 
by an end junction strip (7) , and electrically connected, 
opposite the end junction strip, to elements (2, 3) 
generating electric current pulses so as to produce in less 
than 500 ns an electric current flowing in the electronic 
cell (1) . 
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DEVICE AND METHOD FOR GENERATING INTENSE AND BRIEF 
CONTROLLED VARIATIONS OF MAGNETIC PRESSURE IN A SAMPLE OF 

SOLID MATERAL 

5 The invention concerns a device and method to 

generate intense and brief variations, but nevertheless 
jM* predetermined and controlled, of magnetic pressure, 

;!f especially of at least one gigapascal and able to range up 

£7 to five terapascals, in a period able to be between Ins and 

03 10 500ns, inside a sample of a solid material. 

% The application of these intense brief pressure 

iU variations inside a solid material make it possible to study 

%. their behaviour and analyse the various complex phenomena 

which may occur when the solid material is subjected to 
O 15 extreme stresses (phase changes, determination of state 
equations and laws of behaviour, degradations, 
instabilities, breakages...) 

Known devices able to generate intense and brief 
variations inside solid materials (cf. " COMPORTEMENT 
20 DYNAMIQUE SOUS CHOC DE LA MAT I ERE " by R. Dormeval and 
others, Scientific and Technical Review for the Management 
of military applications, issue 5, September 1992, pp 77-90) 
consist of impact generators (launchers, explosives, 
electromagnetic guns...) or diamond anvil presses. In the 
25 first case, it is extremely difficult to accurately control 
the parameters of the pressure profile and it is impossible 
to generate isentropic pressure variations. In particular, 
there exists an electric gun including a parallel flat line 
fed by an electric current pulse generator so as to make a 
30 cutting aluminium sheet explode and projecting an isolation 
disk at high speed. The explosion of the sheet basically 
occurs under the effect of the heat energy resulting from 



the rise of the intensity of the current which lasts more 
than 600ns and circulates inside the entire thickness of the 
sheet which is less than skin thickness. As for diamond 
anvil presses, these are extremely complex expensive devices 
which also have the drawback of only allowing a small amount 
of space around the sample, thus limiting the possibilities 
for analysing mechanical behaviour. 

Accordingly, the invention seeks to mitigate these 
drawbacks by offering a device and method able to generate 
intense and brief magnetic pressure variations according to 
a predetermined and controlled intensity and period, said 
period being less than 500ns inside a sample of a solid 
material and moreover with magnetic pressure variations 
which may be isentropic effected at reduced cost as well as 
in a controlled impact state (impact wave) whilst leaving 
free the space around the sample so as to enable the latter 
to be analysed. 

In particular, the invention seeks to provide a 
device occupying less space and having a low energy 
consumption with regard to its performances. 

Also, the invention seeks to provide in particular 
a device and method generating an approximately uniform 
pressure field inside the sample. 

Also, the invention seeks to provide a device and 
method making it possible to attain inside a sample of a 
solid material predetermined pressure variations of between 
1 Gpa and 5Tpa - especially between lOOGpa and lTpa - in a 
period of between Ins and 500ns and in particular between 
10ns and 3 00ns. 

The invention also seeks to provide in particular 
a device such as the one mentioned above of the 
electromagnetic type and with a total spatial requirement of 



less than 100m 3 , especially about lm 3 , and developing energy 
in the electromagnetic cell of less than 500 kJ and in 
particular about lOkJ. 

In order to attain this aim, the invention 
concerns a device able to generate intense and brief 
magnetic pressure variations, predetermined and controlled, 
able to be isentropic inside a sample of a solid material, 
said device being characterised in that it includes means 
for generating electric current pulses of the high-power 
pulsed type, and an electromagnetic cell connected to the 
electric current pulse generation means, said 
electromagnetic cell bearing the sample and being adapted so 
that the sample, is subjected to electromagnetic energy 
pulses result ing„ r f rom applying to the electromagnetic cell 
electric current pulses originating from the electric 
current pulse generating means, in that the electromagnetic 
cell includes a flat parallel line of a conductive material 
including two branches in the form of planar plates having 
the same shapes and dimensions and separated from each other 
by a distance smaller than or equal to 3mm and in particular 
smaller than 1mm, one of which bearing the sample rigidly 
secured to said branch, at least approximately at the 
central portion, these two branches being electrically 
connected to each other by an end junction strip and 
electrically connected opposite the end junction strip to 
the electric current pulse generating means so as to allow 
an electric current to be established circulating from the 
electric current pulse generating means in one branch, then 
in the end strip and then in the other branch so as to come 
back to the electric current pulse generating means, and in 
that the electric current pulse generating means and the 
electromagnetic cell are adapted so that the build-up time i 



in which the square of the intensity of the electric current 
circulating in the electromagnetic cell moves from 10% to 
90% of its maximum value I max 2 is included between Ins and 
500ns. Advantageously and according to the invention, the 
build-up time i is between 10ns and 300ns. 

Advantageously and according to the invention, the 
electromagnetic cell is adapted so as to have an inductance 
of less than 4nH and in particular less than 2nH. 

In addition, advantageously and according to the 
invention, the two branches are separated from each other, 
not by a vacuum, but by a dielectric material, especially a 
solid dielectric material or a solid/liquid dielectric 
material . 

The dielectric material needs to be selected so as 
to possess a dielectric pulse rigidity (maximum pulse 
electric field it is able to support per unit of thickness 
without disruptive breakdown) adapted to the sought-after 
performances . 

Advantageously and according to the invention, the 
dielectric material has a pulse dielectric rigidity of more 
than lOOkV/mm. In addition, advantageously and according to 
the invention, the dielectric material extends laterally 
beyond the branches so as to prevent border disruptive 
breakdowns . 

Advantageously and according to the invention, the 
dielectric material can be selected from a polyimide, a 
polyester or a high density polyethylene. 

In the invention, the sample in which the pressure 
variations need to be generated is directly secured rigidly 
to one branch of the parallel flat line forming the 
electromagnetic cell. In this way, it is possible to 
generate pressure variations able to be isentropic which are 



intense and brief with predetermined characteristics 
(pressure value and duration) and able to be controlled 
simply and accurately. It is to be noted that these pressure 
variations mainly result, not from an electromechanical or 
heat effect (Joule effect) , but basically from magnetic 
forces resulting from the established electric current and 
circulating in the line with a sufficiently short build-up 
time (about or less than 500 ns) so that the energy of the 
magnetic forces is preponderant with respect to the heat 
energy whose appearance is slower. Thus and unexpectedly, 
the invention makes it possible to generate extremely 
intense and brief pressure profiles, but nevertheless 
uniform and controlled in the sample and on the basis of a 
relatively weak electric power able to be provided by an 
inexpensive source occupying a small space. 

It is to be noted in particular that the choice of 
a parallel I005 flat line (and not from a coaxial 
electromagnetic structure) combined with isolation by a 
dielectric material (and not isolation under vacuum by a 
magnetic isolation) makes it possible to in fact reduce the 
space between the branches to an extremely small value 
corresponding to a line impedance, also small. 

Advantageously and according to the invention, 
when the branches are separated by a dielectric material, 
the distance between the two branches is less than 1mm and 
in particular about 500iim. The electromagnetic cell can then 
be adapted to have an inductance of less than 2nH. Thus, 
although isolation under vacuum is a priori regarded as 
better and necessary for the intense magnetic pressure 
values, and thus magnetic field and current intensity values 
since it does not require any dielectric rigidity limit, the 
invention has shpwn that on the other hand it is preferable 



to opt for a flat line with isolation by a dielectric 
material making it possible to reduce the value of the 
inductance which proves in practice to be preponderant 
despite the fact that the dielectric rigidity of the 
dielectric material limits the performances of the device. 

In particular, the created magnetic pressure field 
is extremely homogeneous (when it varies according to the 
square of the radial distance in a coaxial electromagnetic 
structure) . 

In addition, advantageously and according to the 
invention, the electric current pulse generating means 
comprise : 

• at least one pulsed high power electric current 
pulse generator including two outgoing electrodes called the 
first and second outgoing electrodes, 

• an electric linking line including a first 
conductive plate extending between the first outgoing 
electrode of each generator and one of the branches of the 
electromagnetic cell, and a second conductive plate 
extending between the second outgoing electrode and the 
other branch of the electromagnetic cell. Advantageously and 
according to the invention, the plates of the linking line 
have basically the same shapes and dimensions, are parallel 
to each other and superimposed opposite each other and 
separated and isolated from each other. Advantageously and 
according to the invention, the plates of the linking line 
extend into the extension of the branches of the 
electromagnetic cell. Advantageously and according to the 
invention, the linking line is adapted so as to have an 
inductance of less than 5nH. This linking line is thus able 
to minimise the outgoing inductance of the generator (s) and 
obtain increased performances . 



Advantageously and according to the invention, the 
cross section of the junction strip perpendicular to the 
direction of the electric current is smaller than the 
cumulated cross section of the first or second electrodes so 
that the electric current density reaches its maximum value 
in the junction strip. In particular, the width (larger 
dimension perpendicular to the circulation direction of the 
electric current) of the junction strip is smaller than the 
cumulated width of the first or second electrodes. 

Advantageously, the device is characterised in that the 
two branches are rectangular, the junction strip linking two 
rectilinear edges of the two branches, and in that the 
plates of the electric linking line have a convergent shape 
in terms of width and/or thickness so that the current 
density has a .maximum value in the branches of the 
electromagnetic cell . 

Moreover, advantageously and according to the 
invention, the electric current pulse generating means 
include at least, one multichannel spark switch able to 
distribute the electric energy along the cross section, 
especially along, the width, of the branches of the 
electromagnetic cell. In this way, the outgoing inductance 
of the generator (s) is further minimised. Advantageously and 
according to the invention, a multichannel spark switch is 
inserted between each generator and the electromagnetic 
cell . 

Advantageously and according to the invention, for each 
generator, an individual multichannel spark switch is 
inserted between the first outgoing electrode of this 
generator and the first plate of the linking line. Thus, 
there is the same number of spark switches as generators. 

Advantageously and according to the invention, the 
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device includes several spark switches in parallel, 
especially several generators in parallel and several spark 
switches in parallel, one for each generator. 

In one advantageous variant of the invention, the 
device is characterised in that it includes at least one set 
of several generators and in that a common multichannel 
spark switch is inserted between all the first electrodes of 
the generators of the same group and the first plate of the 
linking line. Thus, switching control is simplified. 

Furthermore, in the case in particular where the 
electric voltage values are extremely high (in particular 
more than 5 0kV) , the device includes, advantageously and 
according to the invention, at least one series multichannel 
spark switch, that is a spark switch including several 
successive series gaps. 

Advantageously and according to the invention, the 
sample is placed and rigidly fixed in a housing of the 
branch bearing it. 

In a first variant of the invention, the housing opens 
on the side of the space separating the two branches from 
each other so that a sample made of a conductive material 
can be placed in the housing so as to be in electric link 
with the branch bearing it, this sample having a face in 
contact with the space separating the two branches from each 
other, especially in contact with the dielectric material. 

In a second variant of the invention, the housing has a 
bottom forming a conductive wall able to separate a sample 
made of a non- conductive or poor conductive material placed 
in the housing from the space separating the two branches 
from each other especially of the dielectric material. 
Advantageously and according to the invention, the thickness 
of the conductive wall is smaller than that of the branch 



bearing it. The conductive wall is made of a solid rigid 
material serving as a thrustor transmitting the magnetic 
thrust resulting from the electric current circulating in 
the line to the sample having one face in contact with the 
conductive wall. 

Advantageously and according to the invention, the 
device includes means for adjusting the value of the 
inductance of the electromagnetic cell and /or that of the 
electric current pulse generating means. In particular, 
advantageously and according to the invention, the device 
includes means for adjusting the distance between the two 
branches. Thus, it is possible to insert a variable 
inductance on the linking line or on either of the two 
branches. The adjustment of inductance makes it possible to 
firstly vary the maximum value of the intensity of the 
current created in the electromagnetic cell under the effect 
of a current pulse, and secondly the build-up time i 1 of 
this intensity. In effect, it is possible to write : 



Where i ! is the build-up time of the intensity of the 
current in which it moves from 10% to 90% of its nominal 

Value I max 

U is the pulse voltage 

L is the inductance seen by the voltage U 

Imax is the intensity of the maximum current reached 
under the effect of the voltage U 

C is an equivalent capacity of the electric current 
pulse generating means 

And L 1 is the total equivalent inductance of the entire 
device (generating means and cell) . 

So as to obtain a build-up time i of the square of the 
intensity of about or less than 50 0ns and in particular 



U 



LI- 



max 
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between 10ns and 300ns, it suffices in practice to use 
sufficiently known types of high-performance spark switches 
and generators . 

Advantageously and according to the invention, the 
device is adapted so that the maximum value I raax of the 
electric current established in the electromagnetic cell is 
less than IMA and in particular between 2 and 11MA. The 
voltage U is adapted according to the maximum sought-after 
intensity l ma x and according to the inductance of the 
electromagnetic cell, the build-up time x (or t t ) and the 
dielectric rigidity of the non-conductor. 

Furthermore, advantageously and according to the 
invention, the device comprises means for analysing the 
mechanical behaviour of the sample, in particular by laser 
Doppler interf erometry . These analysis means can easily be 
placed opposite the housing in which the sample is fixed. 

The invention also extends to a method able to be 
implemented with a device according to the invention. 

The invention thus concerns a method to generate 
intense and brief magnetic pressure variations, 
predetermined and controlled and able to be isentropic 
inside a sample made of a solid material, said method being 
characterised in that the sample is rigidly secured to a 
branch of an electromagnetic cell of a device according to 
the invention and the electric current pulse generating 
means are switched so as to result in the electromagnetic 
cell the setting up of an electric current able to generate 
magnetic pressure forces inside the sample, the build-up 
time t of the square of the intensity of the electric 
current being between Ins and 500ns and in particular 
between 10ns and 3 00ns. 

In a method according to the invention, the 
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characteristics of the device of the invention are adapted 
according to the characteristics of the magnetic pressure 
variations it is desired to create inside the sample. 

The invention also concerns a device and method 
characterised in combination by all or part of the 
characteristics mentioned above or hereafter. 

Other aims, characteristics and advantages of the 
invention shall appear more readily from a reading of the 
following description with reference to the accompanying 
drawings on which : 

• figure 1 is a diagrammatic perspective view of a 
device according to a first embodiment of the invention, 

• figure 2 is a longitudinal cutaway diagrammatic 
view of the device of the invention shown on figure 1, 

• figure 3 is a perspective diagrammatic view 
illustrating the connection of a generator with a coaxial 
output to an electromagnetic cell of a device according to 
the invention, 

• figure 4 is a longitudinal cutaway diagrammatic 
view of an electromagnetic cell according to one variant of 
a device according to the invention adapted to the case of a 
non- conductive or poor conductive sample, 

• figure 5 is a top diagrammatic view of a device 
according to a second embodiment of the invention ; 

• figure 6 is a longitudinal cutaway diagrammatic 
view of an electromagnetic cell according to one variant of 
a device according to the invention provided with inductance 
adjustment means, 

• figure 7 is a diagrammatic perspective view of a 
device according to a third embodiment of the invention. 

On the figures, the scales, especially concerning 
thickness, are not observed for the purpose of illustration. 
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The device of the invention shown on figure 1 includes 
an electromagnetic cell 1, a set of high power pulsed 
electric current pulse generators 2, and, between this set 
of generators 2 and the cell 1, a linking line 3. The 
electromagnetic cell 1 includes a parallel flat line made of 
an electrically conductive material including two branches 
4, 5 having the shape of rectangular planar plates parallel 
to each other superimposed opposite each other and separated 
from each other by a distance less than or equal to 1mm per 
insulation layer 6 formed of a solid dielectric material. 
The two branches 4, 5 are electrically connected to each 
other by a junction strip 7 extending between the two 
extreme rectilinear edges 8, 9 of the branches 4, 5. The two 
branches 4, 5 and the junction strip 7 thus form a parallel 
flat line having the general shape of an open loop whose 
longitudinal section has the overall shape of a hairpin 
(figure 2) . In the example shown, the junction strip 7 also 
has the shape of a plate perpendicular to the two branches 
4, 5. Nevertheless, it is to be noted that this junction 
strip 7 could in one variant (not shown) have a curved 
section, such as a semi -circular one, or have any other 
shape . 

Opposite the junction strip 7, each of the branches 4, 
5 is electrically connected to the end of the electrically 
conductive plates 10, 11 respectively forming the linking 
line 3, namely a first plate 10 connected to the first 
electrodes 12 of the generators 2, and a second plate 11 
connected to the second electrodes 13 of the generators. An 
insulation layer .14 made of a solid dielectric material is 
also inserted between the two plates 10, 11 of the linking 
line 3 . The first plate 10 is provided with a spark switch 
15 having a mult i -gap multichannel surface able to carry out 
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switching. This surface spark switch is already known (cf. 
"Low inductance triggered multichannel switch for inductive 
energy storage generator", B. Etlicher and al, 10 th IEEE 
Pulsed power conference, Alberquerque, New Mexico, 1995, 
p. 243) . Each gap of the spark switch 15 includes a cut-off 
point 16 fitted in the plate 10 along its entire width, an 
insulation sheet 17 extending between the two edges of the 
plate 10 opposite separated by said cut-off point 16, and a 
triggering electrode 18 having the general shape of a comb 
inserted inside the insulating material 14 under the cut-off 
point 16. This electrode 18 is connected to a circuit 
breaker 19 able to polarise the electrode 18 to an adapted 
high voltage so as to impel disruptive breakdown between the 
two edges of the cut-off point 16 along the surface of the 
insulation sheet 17 and the setting up of several parallel 
electric current lines between the two edges of the cut-off 
point 16 parallel to the teeth of the comb forming the 
electrode 18. The circuit breaker 19 is thus basically a 
pulse voltage source of several tens of kilovolts, but does 
not deliver any significant electric power. 

The number of gaps 15a, 15b of the spark switch 15 
placed successively in series depends in particular on the 
value of the pulse electric voltage which needs to be 
applied to the electromagnetic cell 1 by the generators 2. 
In fact, when this value is too high, it is necessary to 
carry out successively switching from one gap to the other 
by intermediate plates polarised by intermediate voltages. 
In the example shown, the spark switch 15 includes two 
successive gaps 15a, 15b and the intermediate plate 20 
separating these two gaps is polarised to an intermediate 
voltage between the one delivered by the first electrode 12 
and that of the second electrode 13 connected to the earth 
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of the generators 2 by a dividing bridge including two 
resistors 21, 22 having high values (much greater than the 
entire resistance of the linking line 3 and the 
electromagnetic cell 1) , one resistor 21 connecting the 
first electrode 12 to the intermediate plate 20 and the 
other 22 connecting the intermediate plate 20 to the earth. 
Each gap 15a, 15b includes a comb- shaped triggering 
electrode 18a, 18b (shown by the dots on figure 1) connected 
to the circuit breaker 19, as described above. 

A sample 23 made of a solid material is rigidly fixed 
to one of the 4 branches of the electromagnetic cell 1. In 
order to do this, this branch 4 includes a housing fitted 
recessed so as to receive the sample 23. This housing and 
thus the sample 23 are placed in at least at an 
approximately median position on the branch 4, that is at 
least approximately at the middle of its width. Preferably, 
advantageously and according to the invention, the housing 
and the sample 23 are placed at least approximately at the 
central portion of the branch 4 . 

If the sample 23 is made of a conductive material, the 
housing receiving said sample can be fitted in the entire 
thickness of the branch 4, that is as far as the insulation 
layer 6, the electric current being able to be carried by 
the sample 23 itself, as shown in the variant of figure 6. 
Otherwise (variant of figure 4), the housing is not fully 
traversing and a conductive wall 24 forms a housing bottom 
so as to separate the insulation layer 6 from the sample 23 
and ensure passage of the electric current opposite the face 
of the sample 23 in contact with the bottom 24. The 
thickness of this bottom 24 can be extremely small and for 
example correspond to skin thickness in which the current 
circulates in the branch 4 . 
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So as to form the housing receiving the sample 23 and 
the bottom wall 24 , it suffices to make a hollow with 
suitable dimensions in the thickness of the branch 4. 

The sample 23 includes a bottom wall 25 having a 
relatively fine constant thickness (generally several tenths 
of millimetres) inside which a magnetic pressure field is to 
be created when the electric current is to be established 
through the electromagnetic cell 1 before the sample 23 made 
of a solid material is destroyed. This bottom wall 25 is 
prolonged peripherally upwards and laterally below the 
branch 4 and has the shape of a collar 26 constituting a 
crown enabling the sample 23 to be fixed to the branch 4 by 
means of screws 27. 

In one variant (not shown), so as to fix the sample 23, 
it is possible to provide a part separate from the sample 23 
itself, forming a fixing crown similar to the one formed by 
the collar 26. 

The electromagnetic cell 1 has a width perpendicular to 
the direction of circulation of the electric current 
originating from jthe generators 2, said width being smaller 
than the width of the linking line 3 and the cumulated width 
of the electrodes 12, 13 of the generators 2. Generally 
speaking, the width of the junction strip 7 is smaller than 
the cumulated width of the first electrodes 12 or the 
cumulated width of the second electrodes 13 . In this way, 
the current density increases between the generators 2 and 
the junction strip 7, that is between the generators 2 and 
the electromagnetic cell 1 in which the current density is 
maximum. 

As shown on figure 1, the electrodes 12, 13 of the 
generators 2 are simply placed in contact with the 
conductive plates 10, 11 of the linking line 3. 



16 



In the case where it is desired to use one or several 
generators 2 having, not planar electrodes, but a coaxial 
output, it suffices to transform this coaxial output 28 into 
two planar electrodes 29, 30, as shown on figure 3, thus 
retaining the value of the area of the cross section of the 
electrodes . 

The configuration of the generators 2, the linking line 
3 and the switching means 15 with spark switches can be used 
in a large number of variants. Thus, figure 5 
diagrammatical ly shows and seen from above three generators 
2 each associated with one spark switch 15 with an 
individual surface area along three parallel branches of the 
linking line 3 which meet together inside the plane so as to 
form the electromagnetic cell 1 bearing the sample 23. 
Figure 7 shows another embodiment also including three 
generators 2 each associated with a volume type spark switch 
known as a square spark switch 31. Each of the three spark 
switches 31 is connected to one of the three perpendicular 
branches forming the linking line 3 with the general shape 
of a T. The electromagnetic cell 1 is placed as an extension 
of the junction of the three branches of the linking line 3 
in the extension of the main median branch of the T which is 
perpendicular to the others. The square spark switches 31 
are multi-gap multichannel volume spark switches and can for 
example by embodied as described in the publication "Multi- 
gap, multi-channel spark switches", Kim A. A. and al, 11 th 
IEEE Pulsed power conference Baltimore, Maryland, 1997 p. 
862. It is possible to use any other embodiment of these 
multichannel spark switches. 

The insulation layer 6 separating the two branches 4, 5 
of the electromagnetic cell and the insulation layer 14 
separating the plates 10, 11 of the linking line 3 opens 
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laterally onto the side over a sufficient distance so as to 
avoid any edge disruptive breakdown phenomenon. 

As shown on figure 2, the thickness of the insulation 
layer 6 of the electromagnetic cell 1 corresponding to the 
distance between the two branches 4, 5 of the 
electromagnetic cell 1 is smaller than that of the 
insulation layer 14 corresponding to the distance between 
the two plates 10, 11 of the linking line 3. In fact, the 
distance separating the two branches 4, 5 of the 
electromagnetic cell 1 is the smallest distance. In the case 
where an insulation layer 6 is used formed of a solid or 
solid/liquid dielectric material placed in one or several 
layers, this distance can be less than 1mm, for example 
about 500jim. Such an extremely small distance has the 
effect of significantly reducing the inductance of the 
electromagnetic cell 1 and thus the energy required to 
establish a high intensity current in a build-up time x of 
the square of the intensity lower than 500ns and especially 
less than 300ns inside the electromagnetic cell 1, this high 
intensity being adapted to create an intense magnetic 
pressure field inside the sample 23. In this respect, it is 
to be noted that contrary to what is represented, the 
thickness of the insulator 6 can be smaller than that of the 
branches 4 , 5 . 

The simplified equations able to approximately describe 
the functioning of this electronic cell 1 are the following. 

U is the purely inductive voltage applied between the 
two branches 4, 5, L being the total inductance of the 
electromagnetic cell 1, I max being the maximum intensity of 
the electric current established in an electromagnetic 
cell l r x 1 being the build-up time of the electric intensity 
of the current from 10% to 90% of its maximum value I max , 



18 



B being the maximum value of the magnetic field, \i being the 
magnetic permeability of the medium, e being the distance 
between the branches 4, 5, Em being the dielectric rigidity 
of the material forming the insulation layer 6 (that is the 
maximum disruptive breakdown electric field per unit of 
length thickwise) , 1 being the with of the electromagnetic 
cell 1 assumed to be equal to its length, C being the 
equivalent capacity of the generating means , and L 1 being 
the total equivalent inductance of the entire device 
(electric current pulse generating means and electromagnetic 
cell) . In the hypothesis where the length of the 
electromagnetic cell is equal to its width, the following is 
obtained : 

U * L.I max /x' 

B » P-Imax/1 

L » yi . e 
U « Em . e 

Imax ~ Em. T_ « U . T 1 / ji . S 



t ' « n/2 aTl 1 C 
Having regard to the Maxwell equations, it is known 
that the magnetic pressure to be generated inside the sample 
23 is proportional to I 2 where I is the intensity of the 
electric current. 

Thus, the maximum pressure generated in the sample 23 
shall be greater when the dielectric rigidity Em of the 
insulator is high and when the thickness e between the 
branches 4, 5 is small. Nevertheless, the maximum voltage 
able to be applied to the electromagnetic cell 1 is limited 
by the value of the product of Em by e. 

It is to be noted that the dielectric rigidity Em of 
the material in question is the pulse dielectric rigidity. 
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In practice, there are certain materials formed of a 
solid/liquid mixture (solid soaked in a liquid) possessing 
dielectric rigidities of more than lOOkV/mm in a pulse mode 
for a period of about one microsecond, such as Kapton 
(registered trademark) commercialised by the company DUPONT 
DE NEMOURS . This material is a polyimide. 

But it is also possible to use a polyester such as 
Mylar (registered trademark) , also commercialised by the 
company DUPONT DE NEMOURS , or a high density polyethylene. 

The branches 4, 5 of the electromagnetic cell 1 
typically have a width of about several millimetres, for 
example between 2 and 15mm and in particular about 8mm. The 
branches of the electromagnetic cell 1 and the linking line 
3 can be embodied for example in copper or any other good 
quality conductor. 

By way of example, if e=0.1mm, Em=200kV/mm, I max =8.10 6 A, 
i T =100ns, L=0.25nH, U=20kV, B is about 1250 Tesla for a 
sample with a diameter of 5mm. The maximum magnetic pressure 
generated inside the material can be about 6.10 i:L Pa. The 
inductive energy in the electromagnetic cell 1 shall be 
about 8 kJ. 

Moreover, it is established that the magnetic field is 
extremely homogeneous inside the sample 23. Thus, the same 
applies to the intensity of the electric current and 
magnetic pressure field created. 

It is to be noted that, in one variant (not shown) , the 
electromagnetic cell 1 can be insulated, not by a insulation 
layer 6 made of a dielectric material, but by being placed 
in a vacuum via magnetic insulation. Nevertheless, this 
technique is cumbersome and complex. In addition, magnetic 
insulation requires that a certain distance be observed 
between the branches 4, 5 which in practice is more than 
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0.5mm. Accordingly, the inductance of the electromagnetic 
cell 1 is found to be increased significantly, as well as 
the maximum polarisation inductive energy of the 
electromagnetic cell 1 and thus the inductive energy needing 
to be delivered by the generators 2. In practice, it is 
nevertheless possible to significantly increase the value of 
the maximum intensity of the current and thus the maximum 
magnetic pressure generated inside the sample 23 . Normally 
speaking, it is easily possible to reach values of 11. 10 11 Pa 
with an inductive energy of between about 4 0 and 8 0kJ. 

The generators 2 can be formed of simple capacitors, 
such as Maxwell capacitors n° 37336 or of any other known 
pulsed high power generator able to obtain the build-up time 
i (or i 1 ) and the voltage value U and the maximum intensity 
Imax (with or without any pulse forming system) . Preferably, 
generators are used having improved yields, small spatial 
requirement and smaller inductance. From those generators 
able to be used, it is possible to have : Marx generators, 
transformers ; inductive storage generators ; capacitive 
storage generators ; and hybrid inductive and capacitive 
storage generators. 

Furthermore, the sample 23 is analysed by an analysis 
device 32, for example by Doppler laser interf erometry . It 
is to be noted that the invention can place all appropriate 
analysis devices opposite the sample 23. 

In a device according to the invention, the inductance 
seen by the generators 2 is extremely weak so that the 
inductive energy these generators 2 need to produce is also 
weak. As a result, the generators can be dimensioned with a 
small spatial requirement and a relative weak output power. 
Thus, with conventional generators, it is possible to 
generate inside the sample 23 extremely high magnetic 
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pressure fields over a short but adjustable period. These 
magnetic pressure fields can be compressions with or without 
impact and can be isentropic according to the values 
created. Depending on the voltage delivered by the 
generators, it is possible to vary the intensity of the 
current and thus the value of the maximum magnetic pressure 
without varying the period of application of the pressure 
field. If the distance e between the branches 4, 5 is 
varied, for example with the device variant shown on figure 
6, it is then possible to adjust the value of the inductance 
L and thus that of the maximum current I max and the build-up 
time x T (or x) . As can be seen on figure 6, the branch 4 is 
associated with the junction strip 7 by bolts 33 which 
prolong this branch 4 and traverse the bores 34 fitted 
through the junction strip 7 which itself is extended 
upwards. Several bore lines 34 are provided in the junction 
strip 7 according to the distance it is desired to give 
between the branches 4, 5 . As a variant, it is also possible 
to create an additional inductance in the linking line 3 or 
in the electromagnetic cell 1 by inserting means forming a 
variable inductance, such as a height -adjustable bridge. 

A large number of variants are possible with respect to 
the embodiments described and shown given solely by way of 
non-restrictive examples. 
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CLAIMS 

1. Device able to generate intense and brief magnetic 
pressure variations, predetermined and controlled, able to 
be isentropic inside a sample (23) made of a solid material, 
characterised in that it includes means (2, 3) for 
generating current pulses of the pulsed high power type and 
an electromagnetic cell (1) connected to the electric 
current pulse generating means (2,3), this electromagnetic 
cell (1) bearing the sample (23) and being adapted so as to 
have the sample (23) subjected to electromagnetic energy 
pulses resulting from the application to the electromagnetic 
cell (1) of electric current pulses originating from the 
electric current pulse generating means (2, 3), in that the 
electromagnetic cell (1) includes a parallel flat line made 
of a conductive material including two branches (4, 5) with 
the shape of planar plates having the same shapes and 
dimensions and separated from each other by a distance less 
than or equal to 3mm, one of said branches (4) bearing the 
sample (23) fixed rigidly to this branch (4) , these two 
branches (4, 5) being electrically connected to each other 
by an end junction strip (7) and electrically connected 
opposite the end junction strip (7) to the electric current 
pulse generating means (2, 3) so as to allow an electric 
current to be established circulating from the electric 
current pulse generating means (2, 3) in one branch (4) and 
then into the end strip (7) and then into the other branch 
(5) so as to come back to the electric current pulse 
generating means (2, 3), and in that the electric current 
pulse generating means (2, 3) and the electromagnetic cell 
(1) are adapted so that the build-up time x in which the 
square of the intensity of the electric current circulating 
in the electromagnetic cell (1) moves from 10% to 90% of its 
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maximum value I m ax 2 / namely between Ins and 500ns. 

2. Device according to claim 1, characterised in that 
the electromagnetic cell (1) is adapted to have an 
inductance of less than 4nH. 

3. Device according to claim 1 or 2, characterised in 
that the two branches (4, 5) are isolated from each other by 
a dielectric material (6) . 

4. Device according to claim 3, characterised in that 
the dielectric material (6) is solid or solid/liquid. 

5. Device according to claim 3 or 4 , characterised in 
that the dielectric material (6) has a pulse dielectric 
rigidity of more than 100 kV/mm. 

6. Device according to one of claims 3 to 5, 
characterised in that the dielectric material (6) extends 
laterally beyond the branches (4, 5) so as to prevent any 
edge disruptive breakdowns. 

7. Device according to one of claims 3 to 6, 
characterised in that the dielectric material (6) is 
selected from a polyimide, a polyester or a high density 
polyethylene . 

8. Device according to one of claims 3 to 7, 
characterised in that the distance between the two branches 
(4, 5) is less than 1mm. 

9. Device according to one of claims 3 to 8, 
characterised in that the electromagnetic cell (1) is 
adapted to have an inductance of less than 2nH. 

10. Device according to one of claims 1 to 9, 
characterised in that the electric current pulse generating 
means (2, 3) comprise : 

• at least one pulsed high power electric current 

generator (2) including two outgoing electrodes (12, 13) 
known as first (12) and second (13) outgoing electrodes, 
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• an electric linking line (3) including a first 

conductive plate (10) extending between the first outgoing 
electrode (12) of reach generator (2) and one (4) of the 
branches of the electromagnetic cell (1) , and a second 
conductive plate (11) extending between the second outgoing 
electrode (13) and the other branch (5) of the 
electromagnetic cell (1) , 

11. Device according to claim 10, characterised in that 
the cross section of the junction strip (7) perpendicular to 
the direction of the electric current is smaller than the 
cumulated cross section of the first (12) or second (13) 
electrodes so that the electric current density reaches its 
maximum value in the junction strip (7) . 

12. Device according to claim 11, characterised in that 
the width of the junction strip (7) is smaller than the 
cumulated width of the first (12) or second (13) electrodes. 

13. Device according to claim 11 or 12, characterised 
in that the two branches (4, 5) are rectangular, the 
junction strip (7) connecting two rectilinear edges (8, 9) 
of the two branches (4, 5), and in that the plates (10, 11) 
of the electric linking line (3) have a convergent shape 
concerning its width and/or thickness so that the current 
density has its maximum value in the branches (4, 5) of the 
electromagnetic cell (1) . 

14. Device according to one of claims 10 to 13, 
characterised in that the plates (10, 11) of the linking 
line (3) have overall the same shapes and dimensions, are 
parallel to each other and are superimposed opposite each 
other, separated and isolated from each other. 

15. Device according to one of claim 10 to 14, 
characterised in that the plates (10, 11) of the linking 
line (3) extend into the prolongation of the branches (4, 5) 
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of the electromagnetic cell (1) . 

16. Device according to one of claims 10 to 15, 
characterised in that the linking line (3) is adapted so as 
to have an inductance of less than 5nH. 

17. Device according to one of claims 1 to 16, 
characterised in that the electric current pulse generating 
means (2, 3) include at least one multichannel spark switch 

(15, 31) able to distribute the electric energy along the 
cross section of the branches (4, 5) of the electromagnetic 
cell (1) . 

18. Device according to claim 10 or 17, characterised 
in that a multichannel spark switch (15, 31) is inserted 
between each generator (2) and the electromagnetic cell (1) . 

19. Device according to claim 18, characterised in that 
for each generator (2) an individual multichannel spark 
switch (15, 31) is inserted between the first outgoing 
electrode (12) of this generator (2) and the first plate 
(10) of the linking line (3) . 

20. Device according to one of claims 17 to 19, 
characterised in that it includes at least one set of 
severa l generators (2) and in that a common multichannel 
spark switch (15) is inserted between all the first 
electrodes (12) of the generators (2) of the same set and 
the first plate (10) of the linking line (3) . 

21. Device according to one of claims 17 to 20, 
characterised in that it includes at least one series multi- 
gap spark switch (15, 31) . 

22. Device according to one of claims 17 to 21, 
characterised in that it includes several spark switches 
(15, 31) in parallel. 

23. Device according to one of claims 1 to 22, 
characterised in that the sample (23) is placed and rigidly 
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fixed in a housing of the branch (4) bearing it. 

24. Device according to claim 23, characterised in that 
the housing opens on the side of the space separating the 
two branches (4, 5) from each other so that a sample (23) 
made of a conductive material can be placed in the housing 
so as to be in electric liaison with the branch (4) bearing 
it, this sample (23) having one face in contact with the 
space separating the two branches (4, 5) from each other, 
especially in contact with the dielectric material (6) . 

25. Device according to claim 23, characterised in that 
the housing has a bottom (24) forming a conductive wall able 
to separate a sample (23) or material made of a conductive 
material or one made of a poor conductive material placed in 
the housing from the space separating the two branches (4, 
5) from each other, especially from the dielectric material 
(6) . 

26. Device according to claim 25, characterised in that 
the conductive wall (2, 4) has a thickness smaller than that 
of the branch (4) bearing it. 

27. Device according to one of claims 1 to 26, 
characterised in that it includes means (33, 34) for 
adjusting the value of the inductance of the electromagnetic 
cell (1) and/or of the electric current pulse generating 
means (2, 3) . 

28. Device according to one of claims 1 to 27, 
characterised in that it includes means (33, 34) for 
adjusting the distance (e) between the two branches (4, 5) . 

29. Device according to one of claims 1 to 28, 
characterised in that it comprises means (32) for analysing 
the mechanical behaviour of the sample (23) , especially via 
laser Doppler interf erometry . 

30. Method to generate intense and brief magnetic 



27 



pressure variations, predetermined and controlled, able to 
be isentropic inside a sample (23) made of a solid material, 
characterised in that the sample (23) is rigidly secured to 
a branch (4) of an electromagnetic cell (1) of a device 
according to one of claims 1 to 29, and electric current 
pulse generating means (2, 3) are switched so as to result 
in the electromagnetic cell (1) the setting up of an 
electric current able to generate magnetic pressure forces 
inside the sample (23) , the build-up time t of the square of 
the intensity of the electric current being between Ins and 
500ns . 
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Declaration et Pouvoirs pour Demande de Brevet 

French Language Declaration 



En tant que l'inventeur nomme ci-apres, je declare par le present 
acteque: 



Manjiomicile, mon adresse postale et ma nationality sontceux 
fgyarant ci-dessous a c6te de mon nom. 



J| ^crois etre le premier inventeur original et unique (si un seul 
ijim est mentionne ci-dessous), ou Tun des premiers co- 
igventeurs originaux (si plusieurs noms sont mentionnes ci- 
df | sous) de Fobjet revendique, pour lequel une demande de 
iM&vet a ete deposee concernant l'invention intitulee 

fopOSITIF ET PROCEDE POUR GENERER DES 
\pIATI0N5 CONTROLEES INTENSES ET BR EVES 
OPPRESSION MAGNETIQUE AU SEIN D r UN 
EQHANTILLON DE MATERIAU SOLIDE 



et dont la description est fournie ci-joint a moins que la case 
suivante n ? ait ete cochee: 



PCT/FR 



afodfipwfele 28 J uin 20 00 
sous le numero de demande des Etats-Unis ou le 
mande international PCT 

et modifiee le 

(le cas echeant). 



16 declare par le present acte avoir passe en revue et compris le 
contenu de la description ci-dessus, revendications comprises, 
telles que modifiees par toute modification dont il aura ete fait 
reference ci-dessus. 



Je reconnais devoir divulguer toute information pertinente a la 
brevetabilite, comme defini dans leTitre 37, § 1.56 du Code 
federal des reglementations. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
nextto my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



the specification of which is attached hereto unless the following 
box is checked: 



□ 



was filed on 

as United States Application Number or PCT 
International Application Number 

and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56. 
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French Language Declaration 



Je revendique par le present acte avoir la priorite £trangere, en 
vertu du Titre 35, § 1 19(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute demande etrangfere de brevet ou certificat 
d'inventeur ou, en vertu du Titre 35, § 365(a) du meme Code, sur 
toute demande Internationale PCT d£signant au moins un pays 
autre que les Etats-Unis et figurant ci-dessous et, en cochant la 
case, j'ai aussi indique ci-dessous toute demande etrangkre de 
brevet, tout certificat dlnventeur ou toute demande Internationale 
PCT ayant une date de dep6t precedant ceile de la demande a 
propos de Iaqueiie une priorite est revendiquee. 



Prior foreign applications 



Jetilvendique par le present acte tout benefice, en vertu du Titre 
3%i 1 19(e) du Code des Etats-Unis, de toute demande de brevet 
p|ayisoire effectuee aux Etats-Unis et figurant ci-dessous. 

(j§||>Ucation No.) (Filing Date) 

(ijpde demande) (Date de depot) 



(Application No,) (Filing Date) 

(N 6 de demande) pate de depot) 

Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 120 du Code des Etats-Unis, de toute demande de brevet 
effectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 
meme Code, de toute demande Internationale PCT designant les 
Etats-Unis et figurant ci-dessous et, dans la mesure ou l'objet de 
chacune des revendications de cette demande de brevet n'est pas 
divulgue dans la demande anterieure americaine ou internationale 
PCT, en vertu des dispositions du premier paragraphe du Titre 
35, § 112 du Code des Etats-Unis, je reconnais devoir divulguer 
touteMormationpertinentealabrevetabilite, comme defini dans 
le Titre 37, § 1.56 du Code federal des reglementations, dont j'ai 
pu disposer entre la date de depot de la demande anterieure et la 
date de depot de la demande nationale ou internationale PCT de 
la presente demande: 



(Application No.) (Filing Date) 

(N* de demande) (Date de dep6t) 



(Application No.) (Filing Date) 

de demande) (Date de depot) 

Je declare par le present acte que toute declaration ci-incluse est, 
a ma connaissance, veridique et que toute declaration formulee 
a partir de renseignements ou de suppositions est tenue pour 
veridique; et de plus, que toutes ces declarations ont ete 
formulees en sachaht que toute fausse declaration volontaire ou 
son equivalent est passible d'une amende ou d'une incarceration, 
ou des deux, en vertu de la Section 1001 du Titre 1 8 du Code des 
Etats-Unis, et que de telles declarations volontairement fausses 
risquent de compromettre la validite de la demande de brevet ou 
du brevet delivre a partir de celle-ci. 



I hereby claim foreign priority under Title 35, United States 
Code, § 1 19(a>(d) or § 365 (b> of any foreign applications) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below, and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



Priority claimed 
Droit de priorite 



Non 



Non 



Non 

I hereby claim the benefit under Title 35, United States Code, § 
119(e) of any United States provisional application^) listed 
below. 



Ihereby claim the benefit under Title 35, United States Code, § 
120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1 .56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of this 
application. 



(Status) (patented, pending, abandoned) 
(Statut) (brevete, en cours d'examen, abandonne) 



(Status) (patented, pending, abandoned) 
(Statut) (brevete, en cours d'examen, abandonne) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



pemande(s) de brevel anterieure(s) dans un autre pays: 
99.08771 FRANCE 07 Duly 1999 



revendique 



M> (Number) 
^ (Numero) 

Ft ~ 


(Country) 
(Pays) 


(Day'Month/Year Filed) 
(Jour'Mois/Annee de depot) 


,n (Member) 
(Numero) 


(Country) 
(Pays) 


(Day/Month/Year Filed) 
(Jour/Mois/Annee de depot} 


Ife? (Number) 
... (Numero) 


(Country) 
(Pays) 


(Day.'Month/Year Filed) 
(Jour/Mois/Annee de depot) 



Oui 



£3 
Oui 

Oui 
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POUVOIRS: En tant que I'inventeur cite, je designe par la 
presente YQts) avocat(s) et/ou agent(s) suivant(s) pour qulls 
poursuive(nt) la procedure de cette demande de brevet et 
traite(nt) toute affaire s'y rapportant avec TOffice des brevets et 
des marques: (mentionner le nom et le numero 
d'enregistrement). 


POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: {list name and registration number) 

ROBERT J. PATCH, Reg No. 17,355 
ANDREW J. PATCH. Reg. Mo. 32 ^25 
J ROBERT F. HARGEST, Reg. No 

jjy BENOIT CASTEL, Reg. No. 35.04 1_ 

^ FT? TP PJSRN. Rp 5 Nn T7,R« 

THOMAS W PERKINS Re? No 33 027 

i ±±\*J1\±£\\J Jim X 1— r-I.VJ.VX ilk/, IVW^. liU • JJ|U^/ 

ROLAND E. LONG, JR., Reg. No. 41,949 




Adresser toute correspondance a: 


Send Correspondence to: 








ynTT^n * ranMp^N 
SECOND FLOOR 
745 SOUTH 23un STREET 
ARLINGTON VA 11101 

*»l\lrfU > Vj lull, Y f\ **£*ii\J4i 




%j Adresser tout appel telephonique a: 
42 (nom et numero de telephone) 


Direct Telephone Calls to: 
{name and telephone number) 




m 




ROBERT J. PATCH, 703/521-2297 










f 


OSbm complet du seul ou premier inventeur 


Full name of sole or first inventor 






Signature de Hnventeur^, 


-sss^ 55 ^ r Date 

03 decembre 2001 


Inventor's signature Date 




Domicile " " _ — -y-j 

Saint -Cere, France /^f^L^ 


Residence 




Nationaiite 
Frangaise 


Citizenship 




Adresse Postaie 

1 rue Sai^t-Cyr 


- 46400 SAINT-CERE 


Post Office Address 




(FRANCE) 




JO 


-Jvlom complet du second co-tnventeur, le-cas echeant 
-fcilles AVRILLAUD jjA P 


Full name of second joint inventor, if any 


Signature de I'inventeur y 


^^^03 decembre at ?001 


Second Inventor's signature Date 




Domicile 

._ St-3ean-Laqinesl 


he, France j 


Residence 




Nationaiite 
Frangaise 


Citizenship 




Adresse Postaie 

La Prairie - 46400 ST-JEAN-LAGINESTE 


Post Office Address 




(FRANCE) 






(Fournir les rnemes renseignements et la signature de tout 
co-inventeur supplementaire.) 


(Supply similar information and signature for third and sub- 
sequent joint inventors,) 
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